Abstract: In this work, two different technologies (electrospraying and nanospray drying) were evaluated for encapsulation of folic acid using a whey protein concentrate (WPC) matrix and a commercial resistant starch. The morphology of the capsules, molecular organization of the matrices, encapsulation efficiency, and stability of folic acid within the capsules under different storage conditions and upon thermal exposure were studied. Results showed that spherical submicro-and microcapsules were obtained through both techniques, although electrospraying led to smaller capsule sizes and to an enhanced control over their size distribution. Greater encapsulation efficiency was observed using WPC as encapsulating matrix, probably related to interactions between the protein and folic acid which favoured the incorporation of the bioactive. The best results in terms of bioactive stabilization in the different conditions assayed were also obtained for the WPC capsules, although both materials and encapsulation techniques led to improved folic acid stability, especially under dry conditions.
Introduction

43
The encapsulation of nutraceutical and functional ingredients is an area of increased 44 interest over the last years which seek to protect these products from adverse 
117
The aim of this work was to compare the more traditional spray drying technique (but 118 using a novel nanospray drying device able to obtain smaller encapsulation structures) 119 with the electrospraying methodology for folic acid encapsulation using two different 
Preparation of the solutions
148
The solutions were prepared depending on the encapsulation technology by dissolving The solutions with and without folic acid were spray-dried using a Nanospray-dryer B- 
172
Solutions with and without folic acid were introduced in a 5 mL plastic syringe and
173
were electrospun under a steady flow-rate using a stainless-steel needle. The needle was 174 connected through a PTFE wire to the syringe. The syringe was lying on a digitally 175 controlled syringe pump while the needle was in horizontal towards a copper grid used 176 as collector. The electrospraying conditions for obtaining the capsules were optimized 177 and fixed at 0.15 mL/h of flow-rate, 10 kV of voltage and a tip-to-collector distance of The apparent viscosity (η a ) of the hydrocolloid solutions was determined using a with non-encapsulated folic acid measuring the UV absorbance at 290 nm. All samples were analysed in quadruplicate and data were expressed as µg/ml and the losses 229 percentage of folic acid along the storage and heating were also calculated.
230
The encapsulation efficiency (EE) was calculated using the following equation: 
233
Folic acid added to the solutions (µg/mg of matrix)
234
The stability of encapsulated folic acid was carried out taking into consideration three 235 different situations that can be found in the food industry: dissolution in aqueous media,
236
storage in dryness and temperature exposure. It is important to note that the heat 237 treatment was applied after storage in dryness during 2 months. Aqueous solutions were 238 prepared weighing 1 mg of capsules and dissolving them in 1 mL of deionised water.
239
Immediately, the amount of folic acid was determined by HPLC, as explained above,
240
and the solutions were stored at room conditions (23ºC and 65% relative humidity).
241
Samples were tightly closed to avoid water losses though evaporation, and folic acid the HPLC to determine the amount of folic acid. In parallel, a solution of 1 mg/ml of 250 pure folic acid was assayed following exactly the same methodology described above,
251
to evaluate the effect of encapsulation process in the stability of this bioactive.
252
The loss percentages were calculated with the following equation:
Initial folic acid content -folic acid content at time t
254
Loss (%) = x 100 (Eq. 2)
255
Initial folic acid content 256 257
Statistical analysis
258
A statistical analysis of data was performed through analysis of variance (ANOVA) 259 using Statgraphics Plus for Windows 5.1 (Manugistics Corp., Rockville, MD).
260
Homogeneous sample groups were obtained by using LSD test (95% significant level).
261
In the stability study ANOVA was applied taking into consideration the sample type 262 and storage time, and a post-hoc test was used to establish the differences among mean
263
values at significant level of 95%. Initially, optical microscopy using a fluorescence source was used to confirm capsules The capsules obtained were also observed through scanning electron microscopy (SEM) 319 in order to better characterize their size and morphology. Figure 2 shows 
446
This result can be explained by the high solubility of this polysaccharide in water,
447
which led to a very quick release of the bioactive which was, thus, no longer protected.
448
From Figure 4A it was also observed that the capsules obtained through spray drying 449 displayed better protection ability than those obtained through electrospraying. 
477
INSERT FIGURE 4 ABOUT HERE
478
Regarding the folic acid stability upon high temperature exposure, it is important to note 479 that this study was carried out after the stability assay in dryness conditions, and thus, 480 the capsules were not freshly prepared, but they were studied after 2 months of storage.
481 Figure 4D shows the stability of the different samples after thermal treatment at 120ºC 482 for different times.
483
It was seen that non-encapsulated folic acid was completely degraded after only 5 484 minutes at 120ºC, as no peaks were detected through HPLC. In contrast, the 
